There are many studies focusing on the microbiology of composts due to the highly effective lignocellulose decomposition in compost piles. A number of bacterial strains have been isolated from compost piles to date, and many of them have carbohydrate active enzymes. Among Firmicutes, the genera Bacillus and Paenibacillus are characteristic inhabitants of compost piles [1] . Paenibacillus is the type genus of the family Paenibacillaceae [2] . The genus was proposed by Ash et al. [3] on the basis of 16S rRNA gene sequence data, and emended by Shida et al. [4] . Based on its 16S rRNA gene sequence, strain K13
T was classified as a novel bacterium in the family Paenibacillaceae. The aim of the present work was to determine the taxonomic position of strain K13
T and its description using a polyphasic approach.
Strain K13
T was isolated from a manure compost pile in Hungary in 2008. The sample was collected with a sterile spoon from a hot spot within the pile. After the sampling, compost particles were spread on xylan-containing agar (1 g NaNO 3 ; 1 g K 2 HPO 4 ; 3 g NaCl; 0.01 g MnSO 4 ; 0.5 g MgCl 2 ; 0.5 g yeast extract; 0.5 g peptone; 3 g xylan; 25 g agar; 1 l distilled water) plates with an inoculating loop and incubated at 45 C for 3 days. After incubation, colonies forming hydrolytic zones were picked up and spread again on xylancontaining agar to obtain pure cultures.
The first evaluation of the phylogenetic position of the single colonies was performed by 16S rRNA gene sequencing. One of the colonies displaying a hydrolytic zone was represented by the bacterial strain K13 T , and according to the 16S rRNA gene sequence analysis, its closest relatives were Paenibacillus species, with highest similarity values of less than 95.0 %.
The morphological, physiological and fatty acid profile were examined along with the type strains of two related genera, Paenibacillus polymyxa DSM 36 T [3] and Fontibacillus aquaticus DSM 17643 T [5] . Biomass for chemical and molecular studies was obtained by cultivation in shake flasks (180 r.p.m.) using tryptic soy broth (TSB) medium (DSM medium No. 545, www.dsmz.de) at 40 C for 1 day. Colony morphology of strain K13
T was tested on xylan containing minimal medium (see above) by direct observation of single colonies. Cell size, shape, spore formation and arrangement of strain K13
T were studied by native preparations and by Gram staining according to Claus [6] . Motility and morphological characters were determined by phase-contrast microscopy (Zeiss 436245) and electron microscopy (Morgagni 268D) using cells from exponentially growing cultures [7] . Oxidase activity was studied by following the method of Tarrand and Gröschel [8] . Catalase production was investigated by the methods of Barrow and Feltham [9] . Growth at different temperatures (from 4 to 60 C), NaCl tolerance (0.5-5 %, w/v) and pH tolerance (pH 4-11, at increments of 1 pH unit) were determined in modified TSB medium by monitoring the OD 600 value at intervals of 24 h. For the culture broth, three different types of buffers were used to cover the range of pH 4-11: citrate-phosphate buffer (pH 4-6), phosphate buffer (pH: 6-8) and sodium bicarbonate-sodium carbonate buffer (pH 9-11). Urease activity, starch hydrolysis, caseinase, gelatinase and phosphatase activities were studied according to Smibert and Krieg [10] . Acid production from different carbon sources, assimilation of different substrates, and enzymatic activities of strain K13
T were investigated with API 50 CH, API 20 NE and API ZYM kits (BioM erieux), according to the manufacturer's instructions. The API tests were read after 24-48 h incubation at 40 C. Growth under anaerobic conditions was examined using agar slant cultures on tryptic soy agar (TSA) medium incubated for 1 week in an anaerobic chamber (Forma Scientific) at 40 C.
Isoprenoid quinones were extracted from lyophilized cells cultivated in liquid TSB medium, and the profile was analysed by using high-performance liquid chromatography according to the method of Groth et al. [11] . For polar lipid and fatty acid analysis the strains were cultivated in TSB liquid medium until exponential growth was reached at 24 h. Fatty acid methyl esters were obtained by following the method of Stead et al. [12] , and were analysed by using an Agilent 6850 chromatograph with the MIDI Microbial Identification System (Library TSBA40, 4.10; Sherlock software package version 6.1). Summed feature components were identified thereafter by gas chromatography-mass spectrometry using a Singlequad 320 instrument (Varian). Polar lipids were determined according to the method described by Tóth et al. [13] . Cell-wall peptidoglycan was isolated and the peptidoglycan structure was analysed according to published protocols [14] .
To perform the PCR amplification of the 16S rRNA gene, genomic DNA was isolated using the UltraClean Microbial DNA Isolation Kit (MoBio Laboratories). Amplification of the 16S rRNA gene was performed using 27F and 1492R primers [15] . PCR products were purified and sequenced by BaseClear B.V. (Leiden, The Netherlands). The almostcomplete 16S rRNA gene sequence of strain K13 T was compared by using the EzTaxon database (https://www.ezbiocloud.net/taxonomy) [16] for an approximate phylogenetic affiliation. After Sanger sequencing of the 16S rRNA gene, a Genome Sequencing Project of K13
T was carried out (data not shown), which revealed four slightly different 16S rRNA gene copies in the genome. These four full 16S rRNA gene sequences were used for the subsequent phylogenetic analysis. Sequence similarity values between strain K13
T and related taxa were calculated by using the FASTA3 program at EBI (www.ebi.ac.uk/fasta33/nucleotide.html). Phylogenetic trees were reconstructed using the neighbour-joining [17] and maximum-likelihood [18] methods with Kimura's twoparameter calculation model and the maximum-parsimony algorithm [19] using MEGA version 6.0 [20] . Tree topologies and distances were evaluated by bootstrap analysis based on 1000 replicates. The guanine-cytosine ratio (G+C) was determined in silico based on genome project data.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain K13
T branches deeply from other Paenibacillus species, although the lineage of K13
T is within the radiation of the family Paenibacillaceae (Fig. 1 ).
Highest 16S rRNA gene sequence similarity values for the closest relatives were as follows: Paenibacillus nanensis MX2-3 T (93.8 %) [21] , Paenibacillus selenitireducens ES3-24 T (93.6 %) [22] and Paenibacillus thailandensis S3-4A T (93.5 %) [21] . These similarity values are much lower than the suggested 95 % threshold for the delineation of a new genus [23, 24] . The overall topology of the neighbourjoining tree was similar to that of the maximum-likelihood and maximum-parsimony trees (data not shown).
Xylan-containing solid medium (see above) was used for general laboratory cultivation, but the strain also grew well on R2A medium (DSMZ Medium 830, www.dsmz.de). However, no growth was observed on nutrient (DSMZ Medium 1) and Luria-Betrani agar (DSMZ Medium 381) media. TSB was used for cultivation in liquid medium. On xylan-containing agar plates, the strain formed pale brownish and irregular shaped colonies, 1-2 mm in diameter (Fig. S1 , available in the online version of this article). The cells were Gram-stain-positive, motile and aerobic rods with polar flagella (Fig. S2) . After 5 days of incubation on agar plates, cells formed spherical and terminal endospores in swollen sporangia. Good growth could be observed between 30 and 50 C with optimum between 35-40 C. The salinity range for growth in TSB was 0.5-2 %, with an optimum of 1 %. Growth was studied at pH values from 4 to 11, optimal growth was observed at pH 10. The API 50 CH test was weak positive for glycerine, aesculin and potassium 5-ketogluconate utilization. b-Galactosidase activity, aesculin hydrolysis and maltose assimilation were demonstrated by using the API 20 NE test. In the API ZYM test, strain K13 T showed activities of esterase (C4), esterase lipase (C8), valine arylamidase, naphtol-AS-BI-phosphohydrolase and b-galactosidase enzymes. More detailed phenotypic characteristics for side-by-side comparison are given in Table 1 .
As chemical parameters are heterogeneous among members of bacilli [25, 26] , chemotaxonomic data can be decisive in the taxonomy of the families Bacillaceae and Paenibacillaceae. Especially, the polar lipid profile has a taxonomic importance in these taxa [27, 28] . The polar lipid composition of K13
T included diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), phosphatidylserine (PSer), and aminophospholipid (APL) (Fig. S3, Table S1 ). The presence of DPG, PE, PG and APL is common among the related genera but the PSer is a unique characteristic of K13 T (Table S1 ). The fatty acid profile of the strain also showed some differences when compared with the type species of the genera Paenibacillus and Fontibacillus (Table 2) . Consistent with other members of the family Paenibacillaceae, the major fatty acid of P. polymyxa DSM 36 T , F. aquaticus DSM 17643 T and strain K13
T was anteiso C 15 : 0 . However, the ratio of subsequent dominant fatty acids (iso C 16 : 0 , C 16 : 0 , iso C 15 : 0 , anteiso C 17 : 0 ) is quite different (Table 2) . Regarding the respiratory quinones and cell-wall composition, strain K13 T had similar characteristics to the related genera. The presence of meso-DAP in its cell wall indicated the A1g (A31) peptidoglycan type. The main menaquinone was MK-7 (92 %), while small amounts of MK-8 (4 %) and MK-6 (3 %) were also detected. The G+C content of the DNA was determined to be 52.3 mol%.
In conclusion, strain K13
T showed a number of characteristics that differentiated it from other Paenibacillaceae genera. The low similarity value of the 16S rRNA gene sequence (93.8 %), and the presence of PSer in the polar lipid profile supported the view that this isolated strain represents a novel species in a new genus. According to the phylogenetic trees, Fontibacillus aquaticus GPTSA 19 T (DQ023221)
Fontibacillus panacisegetis KCTC 13564 T (GQ303568)
Fontibacillus phaseoli BAPVE7B T (KF583881)
Paenibacillus polymyxa IAM 13419 T (D16276)
Paenibacillus uliginis N3/975 T (FN556467)
Paenibacillus thiaminolyticus NBRC 15656 T (AB073197)
Paenibacillus selenitireducens ES3-24 T (KC815539)
Paenibacillus telluris PS38 T (HQ257247)
Paenibacillus montaniterrae MXC2-2 T (AB295646)
Paenibacillus nanensis MX2-3 T (AB265206)
Paenibacillus harenae B519 T (AY839867)
Paenibacillus tianmuensis B27 T (FJ719490)
Gorillibacterium massiliense G5 T (KC193239)
Paenibacillus doosanensis CAU1055 T (JX233493)
Xylanibacillus composti K13 T 16S rRNA Type II (KX298908)
Xylanibacillus composti K13 T 16S rRNA Type III (KX298907)
Xylanibacillus composti K13 T 16S rRNA Type I (KX298897)
Xylanibacillus composti K13 T 16S rRNA Type IV (KX298909)
Marinicrinis sediminis NC2-42 T (KR604722)
Ammoniibacillus agariperforans FAB2 T (AB745450)

Thermobacillus xylanilyticus XE T (AJ005795)
Cohnella thermotolerans CCUG 47242 T (AJ971483)
Cohnella lupini RLAHU4B T (KC447383)
Saccharibacillus sacchari GR21 T (EU014873)
Aneurinibacillus aneurinilyticus ATCC 12856 T (X94194) T is between two Paenibacillus subclusters. Phenotypic, biochemical, chemotaxonomic and phylogenetic information of strain K13
Ammoniphilus oxalaticus
T support its classification as a novel species of a new genus for which the name Xylanibacillus composti gen. nov., sp. nov. is proposed.
DESCRIPTION OF XYLANIBACILLUS GEN. NOV.
Xylanibacillus (Xy.la.ni.ba.cil¢lus. N. L. neut. n. xylanum xylan; L. masc. n. bacillus a small rod; N. L. masc. n. Xylanibacillus a xylan-degrading rod).
Cells are motile, Gram-stain-positive, endospore-forming rods with polar flagella. Catalase-and oxidase-negative. The peptidoglycan type is A1g with meso-DAP as a diamino acid. The major fatty acid is anteiso-C 15 : 0 . The major isoprenoid quinone is menaquinone MK-7. The polar lipid profile contains diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylserine and aminophospholipid. On the basis of 16S rRNA gene sequence analysis, the genus is affiliated with the family Paenibacillaceae in the phylum Firmicutes. The type species is Xylanibacillus composti.
DESCRIPTION OF XYLANIBACILLUS COMPOSTI SP. NOV.
Xylanibacillus composti (com.pos¢ti. N. L. gen. n. composti of compost).
In addition to the characters described for the genus, the species is characterized by the following properties. It grows well on xylan-containing agar and R2A plates, but no growth is observed on nutrient and Luria-Betrani agar medium. Colonies are pale brownish, irregularly shaped and 1-2 mm in diameter. Cells are 0.5-0.8 µm wide and 2-3 µm long. It grows at 30-50 C (optimum, 35-40 C), pH 7-10 (optimum, pH 10) and NaCl concentrations of 0.5-2 w/v % (optimum, 1 w/v %). A spherical and terminal endospore is formed in swollen sporangia. Oxidase-and catalase-negative. It hydrolyses casein, metabolizes glycerine, aesculin, potassium 5-ketogluconate and maltose. Strain K13 T shows activities of esterase (C4), esterase lipase (C8), valine arylamidase, naphtol-AS-BI-phosphohydrolase and b-galactosidase enzymes. The genomic DNA G+C content of the type 
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